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FQHE - topological quantum liquid:

a gapped state on a closed manifold with a monodromy.

The ground state is degenerate on a multiply-connected closed maniolc




Probing is possible only through a boundary

Point like, or extended

Extended boundary - an Edge
Topological liquid is not gapped any longer -

Edge states propagate as a sound - subject to decoherence




Edge state carries the information of the topology:

Edge tunneling, noise measurements.




Topological aspects:
fractional charge and braiding
can be measured in edge states out-of- equlibrium

Quantum Shock Wave




A smooth bump in density propagating:

all gradients << Fermi scale




(i) transport on the edge is essentially non-linear,
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Disipativeless shock waves
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Fi, & Mumerical solution of the BIN} equation flusirating the evolution of & long square wive of
elewmtion into a finite mumber ol amplitude-ordered solibons fofownd by & suhcriscal dispersive wave fRun.
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Soliton Train
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Each Soliton carries a FRACTIONAL CHARGE







How to describe quantum dynamics of Edge State?

Step |: Conjecture:

Edge state (Abelian state) is effectively
described by Calogero model




Model Hamiltonian: Calogero model
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Interpolates between Lattinger liquid and Calogero
model - quantum wires, edge states of FQHE
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Shock wave: Riemann-Hopf Equation

Classical Riemann equations are ill-defined (no single valued solutions)




Stabilization of shock waves by:

(i) by quantum corrections;

(ii) by interaction




Interaction -- stabilizes shock wave through dispersion
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ILVV-equation
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P = 5((%90)2 + 9,y KdV-equation
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Benjamin-Ono equation




(i) Lattinger Liquid - short range interaction:

© + (axsﬁ) + 63390 — () KdV-equation

(ii)Fractional Hall Edge State - long range interaction (Calogero model)

p + (3m90)2 =+ Vaing = (0  Benjamin-Ono equation
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goH(:z:):/ p(2) dZ.




(i) KdV-equation: Non-linear waves in shallow water

o+ (Opp)° + €0y =0

(ii)_Benjamin-Ono equation: Non-linear waves in deep water

o+ (0p0)° + 020" =0

SOH(x):/ p(z) dz
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Benjamin-Ono equation

o+ (0pp)” + 100" =0

Edge State

xr — z 271

ng(x):/ p(z) dz

v — 18 a fraction

It is a unique equation which solitons have a fixed charge [/

Universal description of non-linear chiral boson at FQHE edge




On the relation between Calogero model and CFT

p = VT ()

T = (83390)2 + CM()(?:%QO




Period of oscillations is

(interaction) X (5,0)_1 > > kl?l

Quantum Non-linear Equations can be treated semiclassically




Conclusions:

Transport is | D-electronic systems is essentially non-linear,

Any smooth semiclassical excitation evolving in time

is unstable,and eventually sharp,

will be fragmented to individual soliton-like particles,

Fermi-surface is an essentially semiclassical, it is destroyed in
evolution.
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Fia . 6. Interaction of solitary waves governed by the Benjaman-Dravis-Cna equatkan. The last trece has
been reproduced sepamiely for clarity. The coom@inat system in this illustration and in 2 subsequent
ilbusirwiions meoves ot the oritical or lincar phase sjeeed. In this frame of referemce, solithry waves propagate
oo thee right and subcritical dispersivg wave compoanents propagate to the ldl. Linss are nesdimesdaonal.




oo
L T,

S00

100 200 300 400
Fucs. 10, Solution af the BDO egaation for an initial madel disturbance for atmospheric waves in the

form of a long, bul fAnite=length, wave of elivation. The ifverion heghl Behind the kading edge of the
dieurkann: a1 T = O decreass slowly, bal comtinuously, w0 the ambient inversion level
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Morning Glory




Morning glory Chain of rolling clouds

South Australia Believed to be Benjamin-Ono eq




Morning Glory

Rolling clouds in
the Gulf of Carpenteria,
Northern Australia
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